Abstract. In order to improve the quality of biomass pyrolysis gas, the biomass needs to be deal with dry pretreatment. On the basis of comprehensive analysis of the principle of hot air drying, the authors designed a biomass dry pretreatment system using the hot discharge air of biomass retort as a heat source, which consisted of preheating layer, drying layer and aggregation layer. This paper analyzed the structure of preheating layer and aggregation layer of the dryer, determined the operating parameters of the system, used the iterative method to calculate the temperature of the gas at each time node by MATLAB, obtained the temperature change curve of the hot gas. The study indicates that the temperature of the heat source gas is the main factor affecting the drying efficiency and the dry pretreatment system can be used as a pretreatment device for biomass pyrolysis.
Introduction
Biomass energy is a renewable, sustainable and environmentally friendly energy source. It's getting more and more attention, at home and abroad, many scholars have studied it [1] . Biomass refers to the various organisms that are produced by photosynthesis through the atmosphere, water and soil. It includes plants, animals and microbes [2] . The source of biomass is extensive and abundant, and biomass energy is the fourth largest source of energy after oil, coal and natural gas [3] . There are many kinds of biomass resources, including crop straws, forestry waste and rice hull, and so on. The utilization of biomass energy not only alleviates the problem of energy shortage in China, but also solves the environmental pollution problem caused by the burning of crop straw [4] . At present, the utilization of biomass pyrolysis has been widely accepted. The first step in pyrolysis is drying. Studies have shown that the water in the biomass affects the quality of the oil [5] . A large part of the heat absorbed in the pyrolysis reaction is to remove the water from the biomass, and the water in the biomass will delay the start of the pyrolysis reaction [6] . Hot air drying pretreatment is beneficial to the precipitation of heat transfer and volatilization. It can change the surface structure of the material, and be beneficial to the subsequent thermal chemical conversion [7] .
Principle of Hot Air Drying
At present, the Whitaker volume average theory and the Luikov phenomenological theory are the main theory of heat transfer and mass transfer in the drying process [8, 9] . They better reflect the nature of heat transfer in the drying process of materials. However, because the derivation of the theoretical formula is too complicated and the solution is very troublesome, which brings difficulties to the practical application [10] . Therefore, it is still necessary to analyze and describe the drying rate curve of most materials. Generally, the drying process of materials can be divided into three stages: preheating stage, constant speed stage and slow down drying stage. See figure 1 , preheating stage A-B, the material absorbs heat in this stage mainly to increase the temperature of the material until the wet bulb temperature and water vaporizes less. This stage has a short experience. Constant speed stage B-C, at this stage, the material surface is wet, and the water evaporation rate is constant and is the maximum of the whole drying stage. The factors that influence the drying rate in this stage are mainly the temperature, humidity, velocity and so on. Slow down stage C-E, the drying rate decreases at this stage, and the main influencing factors are the structure, shape and size of the material, and it has little to do with the drying medium [12] . The essence of the drying process is to transfer the moisture from the solid phase to the gas phase. Industrial drying mostly uses hot air, superheated steam or flue gas as the drying medium. The structure of the drying equipment is varied. According to the different drying methods, it can be divided into convection drying, radiation drying, vacuum drying and combined drying. In terms of traditional drying techniques, hot air drying technology is one of the most widely used drying techniques. It has the advantages of simple operation, easy process control and so on. Therefore, it has a great advantage in application. For biomass materials, hot air drying technology is also a feasible drying method [7] .
Theoretical Analysis of Biomass Drying Device The Overall Structure
Traditional airflow dryer is a method of carrying material particles in long tube with high speed heat flow. In this paper, the authors designed a dryer which adopted the motion mode of biomass gravity drop, high temperature and low velocity gas reverse convection of biomass, as shown in figure 2 .
This device is divided into three parts, which are the upper preheating layer (A), the middle drying layer (B) and the lower aggregation layer (C). The biomass particles enter into the preheating layer of the dryer through the feed inlet (4), and then contact with the hot gas from the middle layer after drying, and the particles are preheated. Then they are driven by the upper spiral blade (3) and evenly distributed to the middle layer. At this point, the particles and hot gas reverse convective contact, high heat transfer coefficient, large heat transfer area, high hot air temperature, these factors contribute to the high drying rate of the layer. The particles fall under the weight of gravity. After drying, they accumulate at the lower layer of the variable pitch blade, which is also known as the aggregation layer, and the resulting particles are expelled from the discharge port (8). 
Preheating Layer
According to figure 1, particles first enter the preheating stage A-B. The preheating stage was ignored in the analysis and calculation of a lot of research data, because the preheating period is very short, the drying rate is low, very little water evaporates. For the overall drying effect, the effect is small. But the drying curve also shows that the material temperature in the preheating section increases, and the increase of material temperature will consume a large amount of heat. So in heat transfer, the heat should not be ignored. In biomass drying, water in biomass is a kind of easy to remove, and most operations do not require biomass humidity below critical humidity. In fact, when the traditional dryer is designed, when the humidity of the material is not lower than the critical humidity, the outlet temperature of the material is taken as the wet bulb temperature. The biomass particles enter into the dryer, and will have a certain thickness of accumulation in the preheating layer. At this time, the biomass temperature is relatively low, and it is in contact with the exhaust gas after the main drying, heating up the biomass, and fully improving the utilization rate of heat. And because the preheating period is short, the design of this layer does not affect the drying rate, nor does it affect the main drying calculation.
On the other hand, the drying device is intended to use the hot gas of biomass pyrolysis as the drying medium. The device is also used as a pretreatment device for biomass pyrolysis. Pyrolysis gas contains more tar particles, and using pyrolysis gas as a dry heat source, on the one hand, is beneficial to energy conservation, on the other hand, it is also beneficial to the removal of tar particles in the pyrolysis gas to achieve the effect of emission reduction.
The pyrolysis gas carries the tar particles in the drying layer to cool down the moisture to the biomass to dry, then into the preheating layer. As it passes through the build-up of biomass in the preheating layer, the tar particles are filtered by dense biomass particles. The filtered tar particles will continue to be cracked in the pyrolysis furnace with the biomass.
Drying Layer
After preheating, the biomass temperature rises to the wet-bulb temperature under the condition, and corresponds to the constant speed stage B-C of the drying curve. The biomass surface is moist at this stage. The velocity of water from the internal diffusion of the biomass to the surface of the biomass can completely replenish the surface of the biomass to absorb heat and evaporate the water.
So the water evaporates at a constant rate. In the absence of heat loss, it is considered that the drying process is an isoenthalpy process. Biomass temperature unchanged in the dry layer, and its absorption of heat will be used for the evaporation of water. This stage is the highest speed during the whole drying process and is the most critical stage in the drying process.
Accumulation Layer
Biomass that passes through the dry layer falls into the accumulation layer of the lower layer, the drying process enters the slow down stage C-E. The main factors that affect the drying rate of biomass are not the properties of hot gas, but the shape, structure and size of the biomass particle. In this stage, the water moves from the biomass to the surface at a speed that is not able to keep up with the evaporation of the gas, and the particle is no longer wrapped by the water membrane. Therefore, the temperature of the biomass will continue to rise, the water gasification center is also gradually moving into the particle, the difficulty of heat transfer is increased, and the drying rate of the biomass is gradually decreased.
The spiral blade of accumulation layer is divided into two parts. The upper part of the blade is the same as that of the preheating layer, a balanced blade for fixed pitch radius, main effect for biomass collection, and the lower part of the blade is variable pitch blade, the pitch and circumferential radius of the blade decrease from above, thus gradually squeezing the biomass and draining the air from the dry biomass.
Heat Transfer Analysis
The heat transfer relationship between hot gas and biomass is (2) Where Q is heat change rate of hot gas, J/s; C is the specific heat of the gas, J/(kg·℃); m is mass flow of gas, kg/s; t ∆ is temperature difference of gas, ℃. 
Summary
This paper designed a biomass dry pretreatment device, which use the hot discharge air of biomass retort as a heat source, analyzed the structural characteristics of the dryer, calculated the temperature of the gas at each time node by MATLAB, obtained the temperature curve of the hot gas, and this result is consistent with those of other scholars. 
